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(54) Refrigeration cycle system 

(57) The present invention relates to a refrigerant 
cycle system Including a compressor (1), a corxienser 
(2), a depressurlzing means (4) and a e\/aporator (3) 
which are connected in series with each other to form a 
refrigerant circulation circuit. The refrigerant cycle sys- 
tem includes a heat exchanging portion (11). The heat 
exchanging portion (11) exchanges heat between a part 
of or all of the refrigerant passing through a refrigerant 
passage (5) from the compressor (1) to a depressuriz- 
ing means (4) by way of the condenser (2) and a part of 
or all of the refrigerant passing through a refrigerant 
passage (6) from the depressurlzing means (4) to the 
compressor (1) by way of the evaporator (3). 
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Description 

RELD OF THE INVENTION 

This invention relates to a refrigeration cycle sys- 
tem for use in a refrigeration device such as an automo- 
bile air conditioner, a room air conditioner, or the like. 

BACKGFK>UND OF THE INVENTION 

A conventional refrigeration cycle system Is shown 
in FIG. 14. The refrigeration cycle system comprises a 
compressor 51, a condenser 53 connected to the com- 
pressor 51 at the refrigerant output side thereof by way 
of a refrigerant passage 52 and an evaporator 55 con- 
nected to the compressor 51 at the refrigerant input side 
thereof by way of a refrigerant passage 54. The output 
side of the condenser 53 and the input side of the evap- 
orator 55 are connected by refrigerant passages 57, 59 
and an expansion valve 56, or a capillary tube, or the 
like, as a decompression means intervening therebe- 
tween. In this refrigeration cycle system, as indicated by 
arrows in FIG. 1 4. the following cycle Is repeated. A high 
pressure and high temperature gaseous refrigerant 
from the compressor 51 is condensed in the condenser 
53 to become a high pressure and high temperature liq- 
uid refrigerant. The high pressure and high temperature 
liquid refrigerant is passed through the expansion valve 
56 to become a low pressure and low temperature liquid 
refrigerant. Then, the low pressure and low temperature 
liquid refrigerant is evaporated in the evaporator 55 to 
become a low pressure and low temperature gaseous 
refrigerant. Then, the low pressure and low temperature 
gaseous refrigerant is returned to the compressor 51 . 

The above mentioned conventional refrigeration 
cycle system is designed to superheat the refrigerant so 
as to increase the refrigeration effect and thus improve 
the performance of the refrigeration cycle. Specifically 
the evaporator 55 is designed to have a superheating 
portion in the refrigerant passage near the outlet such 
that almost only gasified refrigerant passes through the 
superheating portion. Therefore, a liquid refrigerant is 
prevented from returning to the compressor 51 from the 
evaporator 55. 

The above mentioned conventional refrigeration 
cycle system is also designed to supercool (subcool) 
the refrigerant so as to improve the performance of the 
refrigeration cycle. Specifically, the condenser 53 is 
designed to have a supercooling portion (subcooling 
portion) in the refrigerant passage near the outlet such 
that only liquefied refrigerant passes through the super- 
cooling portion. 

However, in the evaporator 55 having the super- 
heating portion as mentioned above, there has been a 
problem in that the heat transfer rate between the refrig- 
erant and the evaporator 55 is decreased which lowers 
the heat exchanging performance thereof, as compared 
to an evaporator not having a superheating portion 
therein. 



More specifically, providing a superheating portion 
in the evaporator 55 means providing a flow area for a 
gasified refrigerant in the evaporator 55. Therefore, in 
the evaporator 55, refrigerant flowing through a refriger- 
5 ant flow area, except for the superheating portion, is in 
a liquid state or in a sprayed state. The refrigerant which 
is in a liquid state or sprayed state will be gasified, 
thereby increasing the heat transfer rate. However, the 
refrigerant flowing through the superheating portion is 
10 already in a gasified state, thus the heat transfer rate in 
the superheating portion is low. As a result, when 
observed as a whole, the heat transfer rate between the 
refrigerant and the evaporator 55 is decreased and thus 
the heat exchange performance of the evaporator 55 is 
75 low. 

An experiment was done so as to compare the heat 
transfer rate, i.e., the heat exchange performance, of 
two similar evaporators, one superheated by 5 degrees, 
the other not superheated. The result was that the heat 
20 exchange performance of the former was lower than the 
latter by 3 to 7 %. 

Therefore, an evaporator which is superheated is 
inferior in heat exchange performance as compared to 
an evaporator having no superheating, provided that 
25 both evaporators are the same in size. Thus, in order to 
demonstrate the same heat exchange performance in 
both evaporators, one having superheating and the 
other having no superheating, the evaporator having 
superheating must be larger in size than the evaporator 
30 iiaving no superheating because the evaporator having 
superheating has a superheating portion. 

Furthermore, in the evaporator 55 which is super- 
heated, the pressure loss of the refrigerant passing 
through the evaporator 55 is larger than that of the 
35 refrigerant passing through an evaporator having no 
superheating, thereby increasing the pressure loss of 
the refrigerant in the whole refrigerant cycle. In detail, 
the refrigerant passing through the superheating portion 
is in a gaseous state and has a large specific volume as 
40 compared to the refrigerant in a liquid state or in 
sprayed state (i.e.. in a gas and liquid mixed state). As a 
result, because the specific volume in the superheating 
portion is large and k>ecause the refrigerant passages of 
the evaporator are narrow, the pressure loss of the 
45 refrigerant passing through the evaporator becomes 
larger. 

An experiment was conducted to compare the pres- 
sure loss of the refrigerant passing through two similar 
evaporators, one being SMperheated by 5 degrees and 

so the other not being superheated. The result of this test 
was that the heat pressure loss of the refrigerant pass- 
ing through the former was higher than that of the refrig- 
erant passing through the latter by 1 5 to 35%. 

As shown in FIG. 15. an accumulator 60 may be 

55 provided within a refrigerant-passage connecting the 
evaporator 55 and the compressor 51 so as to decrease 
or delete the effect of the superheating portion of the 
evaporator 55. In this system, the liquid refrigerant 
which remains unevaporated in the evaporator 55 will 
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be captured by the accumulator 60. In this manner, the 
liquid refrigerant is prevented from returning to the com- 
pressor 51, and the heat transfer ratio between the 
evaporator 55 and the refrigerant, i.e.. the performance 
of the evaporator 55. can be improved. Furthermore, the 5 
evaporator 55 can thus be smaller in size and the pres- 
sure loss of the refrigerant passing through the evapora- 
tor 55 can be decreased. 

However, the accumulator 60 merely captures the 
liquid refrigerant which remains unevaporated in the 10 
evaporator 55. Thus, the refrigeration cycle system can 
only have a small number of degrees of superheating, 
or even no degrees of superheating. As a result, the 
refrigeration effect will not be improved with such super- 
heating. 15 

In other words, if superheating is effected in the 
evaporator so as to increase the refrigeration effect, a 
deterioration of the heat exchange performance, an 
increase in the size, and an Increase In the refrigerant 
pressure loss will be caused. On the other hand, if an 20 
improvement of the heat exchange performance, a 
decrease in size, and a decrease in refrigerant pressure 
loss are attempted, an enhanced refrigeration effect 
due to the superheating will not be caused. 

As for the condenser 53, having a supercooling por- 25 
tlon. the heat transfer rate between the refrigerant and 
the condenser 53 is decreased, which deteriorates the 
heat exchange performance thereof, as compared to a 
condenser having no supercooling portion therein. 
More specifically, providing a supercooling portion in the 30 
condenser 53 means providing a refrigerant flow area 
for a liquefied refrigerant in the condenser 53. There- 
fore, in the condenser 53 a refrigerant flowing through a 
refrigerant flow area, except for the supercooling por- 
tion, is in a gaseous state or In a sprayed state. The 3s 
refrigerant in a gaseous state or in a sprayed state pro- 
ceeds to be liquefied, thereby inaeasing the heat trans- 
fer rate. On the other hand, the refrigerant flowing 
through the supercooling portion is in a liquefied state, 
and thus the heat transfer rate in the supercooling por- 40 
tlon deteriorates. As a result, when observed as a 
whole, the heat transfer ratio between the refrigerant 
and the condenser 53 is decreased and thus the heat 
exchange performance of the condenser 53 deterio- 
rates. 45 

Therefore, the condenser having such supercooling 
is inferior in heat exchange performance to a condenser 
having no supercooling, provided that both condensers 
are the same in size. Thus, In order to demonstrate the 
same heat exchange performance in both condensers, so 
one having supercooling and the other not having 
supercooling, the condenser having supercooling must 
be larger in size than the cprxjenser not having super- 
cooling because of the supercooling portion. 

In other words, if supercooling is effected in the ss 
condenser so as to Improve the performance of the 
refrigeration cycle, a deterioration in the heat exchange 
performance and an increase in size is caused. On the 
other hand, if an improvement In the heat exchange per- 



formance of the condenser and a decrease in size are 
attempted, an enhancement of the refrigeration per- 
formance by supercooling can not be caused. 

Especially in a corxienser. though there has been a 
demand for miniaturization and especially to be air 
cooled, it is very difficult to have an effective supercool- 
ing portion. Therefore, there has been the problem 
related to a refrigerant cycle of how to improve the per- 
formance thereof. 

SUMMARY OF THE INVENTION 

The present invention overcomes, among other 
things, the problems mentioned above. It is an object of 
the invention to provide a refrigeration cyde system In 
which the superheating degree and the supercooling 
degree can effectively become large and thus achieve 
an enhancement in the refrigerant effects and an 
improvement In the performance of the refrigerant cycle. 

It is also an object of the invention to provide an 
improved refrigeration cyde system in which an evapo- 
rator and a condenser can be compact and can improve 
heat exchanging performance thereof. 

It is another object of the invention to provide an 
Improved refrigeration cycle system in which a pressure 
loss of a refrigerant passing through an evaporator can 
be decreased. 

According to a first aspect of the present Invention, 
a refrigerant cycle system comprises a refrigerant circu- 
lation circuit Including a compressor, a condenser.an 
evaporator and a depressurizing means and a heat 
exchanging portion. The heat exchanging portion 
exchanges heat between at least a portion of refrigerant 
fbwing from the compressor to the depressurizing 
means and at least a portion of refrigerant flowing from 
the depressurizing means to the compressor. 

Because the refrigerant cyde system indudes a 
heat exchanging portion for exchanging heat between 
at least a portion of refrigerant flowing from the com- 
pressor to the depressurizing means and at least a por- 
tion of refrigerant flowing from the depressurizing 
means to the compressor. Therefore, the refrigerant 
returning to the compressor can be superheated and 
the refrigerant flowing toward the depressurizing means 
can be supercooled. As a result, the refrigerant effect 
can be Increased and the performance as the refriger- 
ant cycle can be improved. 

Notably, each refrigerant is either superheated or 
supercooled by exchanging heat between a low temper- 
ature refrigerant and a high temperature refrigerant 
which are greatiy different In temperature. Therefore, 
each refrigerant can be effectively superheated or 
supercooled and, thus, can greatly improve the perform- 
ance of the refrigerant cycle as compared with a con- 
ventional refrigerant cycle In which each refrigerant Is 
separately superheated or supercooled by air at room 
temperature. 

Further, the superheat portion in the evaporator can 
be decreased or omitted because the refrigerant return- 
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ing to the compressor is superheated by exchanging 
heat in the heat exchanging portion. Therefore, the 
€: > . :.rator can be compact and superior in heat 
e * ange performance, and thus the pressure loss of 
th refrigerant passing through the evaporator can be 
deceased. 

The refrigerant flowing toward the expansion valve 
can be largely supercooled because the refrigerant is 
supercooled by exchanging heat in the heat exchanging 
portion. Therefore, the dry degree of the liquefied refrig- 
erant passed through the expansion valve can be effec- 
tively lowered. Further, the pressure loss of the 
refrigerant passing through the evaporator can be effec- 
tively decreased. Furthermore, the heat exchanging 
performance of the evaporator can be effectively 
improved. 

The above and other objects and features of the 
invention will be apparent from the following detailed 
description of the irrvention with reference to the 
attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a first embodiment of a refrigerant 
circuit of a refrigerant cycle system according to the 
present invention. 

FIG. 2 is an inner side view of an accumulator 
equipped in the above refrigerant cycle system. 

FIG. 3 illustrates a second embodiment of a refrig- 
erant circuit of a refrigerant cycle system according to 
the present invention. 

FIG. 4 illustrates a third embodiment of a refrigerant 
circuit of a refrigerant cyde system according to the 
present invention. 

FIG. 5 illustrates a fourth embodiment of a refriger- 
ant drcuit of a refrigerant cycle system according to the 
present invention. 

FIG. 6 is an inner side view of a heat exchanging 
portion integrating a liquid-receiver with an accumulator 
of the fourth embodiment. 

FIG. 7 illustrates a filth embodiment of a refrigerant 
circuit of a refrigerant cycle system according to the 
present invention. 

FIG. 8A and 8B illustrate a sixth embodiment of a 
refrigerant cyde system according to the present inven- 
tion, wherein FIG. 8A illustrates a refrigerant drcuit and 
FIG. SB is an explanatory view of the heat exchanging 
portion. 

FIG. 9 illustrates a seventh embodiment of a refrig- 
erant circuit of a refrigerant cycle system according to 
the present invention. 

FIG. 10A and 10B illustrate an evaporator and a 
heat exchanging portion of the seventh embodiment, 
wherein FIG. 10A is an inner front view thereof and FIG. 
10B is an inner plan view thereof. 

FIG. 1 1 illustrates an eighth embodiment of a refrig- 
erant circuit of a refrigerant cycle system according to 
the present invention. 

FIG. 12 illustrates a ninth embodiment of a refriger- 
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ant circuit of a refrigerant cyde system according to the 
present invention. 

FIG. 13A and 13B illustrate a tenth embodiment of 
a refrigerant cycle system according to the present 
5 invention, wherein FIG. 13A illustrates a refrigerant cir- 
cuit of the embodiment ad FIG. 13B is an explanatory, 
inner view of a valve device. 

FIG. 14 illustrates a refrigerant circuit of a conven- 
tional refrigerant cycle system. 
^0 FIG. 1 5 illustrates a refrigerant drcuit equipped with 
an accumulator in the conventional refrigerant cycle 
system. 

DETAILED DESCRIPTION OF THE PREFERRED 
15 EMBODIMENTS 

Preferred embodiments of the present invention will 
now be described, in detail, with reference to the 
accompanying drawings. 

20 

First embodiment: 

In the first emkxxliment of the refrigerant cycle sys- 
tem shown in FIG. 1 . the numeral 1 denotes a compres- 
25 sor, the numeral 2 denotes a condenser, the numeral 3 
denotes an evaporator, the numeral 4 denotes an 
expansion valve as a depressurizing means and the 
numeral 1 1 denotes a heat exchanging portion. 

The condenser 2 is connected to the compressor 1 
30 at the refrigerant output side thereof by way of refriger- 
ant passages 5 (5a ard 5b). The evaporator 3 is con- 
nected to the compressor 1 at the refrigerant input side 
thereof by way of refrigerant passages 6 {6a and 6b). 
The output side of the condenser 2 and the input side of 
35 the evaporator 3 are connected by refrigerant passages 
10 (7 and 9) with an expansion valve 4 intervened 
therein to form a refrigerant drcuit. As a decompression 
means, a capillary tube, an orifice tube, or the like, may 
be used. 

40 In this embodiment, the heat exchanging portion 1 1 
exchanges heat between the refrigerant passing 
through the refrigerant passage 5 connecting the com- 
pressor 1 to the evaporator 3 and the refrigerant pass- 
ing through the refrigerant passage 6 connecting the 
45 evaporator 3 to the compressor 1. Further, in this 
embodiment, an accumulator 12 is provided within the 
refrigerant passage 6 (6a and 6b) connecting the com- 
pressor 1 and the evaporator 3. This accumulator 12 is 
used as the heat exchanging portion 1 1 and exchanges 
50 heat between the refrigerant accumulated in the accu- 
mulator 12 and the refrigerant passing through the 
refrigerant passage 5 connecting the compressor 1 to 
the condenser 2. 

In order to achieve the above mentioned heat 
55 exchange. In this embodiment, the accumulator 12 is 
configured as shown in FIG. 2. The accumulator 12 - 
includes a liquid accumulating container 13 which is, at 
the upper portion, provided with a first refrigerant inlet 
port 14 and a first refrigerant outlet port 15. The first 
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refrigerant outlet port 15 is connected in fluid communi- 
cation with one end of a pipe 16 extended into the con- 
tainer 13 with the other end of the pipe 16 opening 
proximate at the uppermost portion in the container 13, 
such that as the refrigerant is introduced in the con- 5 
tainer 13 through the first refrigerant inlet port 14. the 
liquid refrigerant can be accumulated in the lower por- 
tion of the container 1 3 and the gaseous refrigerant can 
be led to the outside through the pipe 16 and the first 
refrigerant outlet port 15. So far. the above mentioned w 
construction of the accumulator 12 is similar to a con- 
ventional accumulator. However, in the accumulator 12 
the container 1 3 is further provided with a second refrig- 
erant inlet port 1 7 and a second refrigerant outlet port 
1 9. Both the ports 1 7 and 1 9 are connected in fluid com- 15 
munlcation via a high heat conductance heat exchang- 
ing pipe 20 extending through the container 13 so that 
heat exchange between the refrigerant in the heat 
exchanging pipe 20 and the refrigerant accumulated in 
the container 13 can be achieved. . 20 

In the accumulator 12. the first refrigerarrt inlet port 
14 is connected to a pipe constituting the refrigerant 
passage 6b from the evaporator 3 and the first refriger- 
ant outlet port 1 5 is connected to a pipe constituting the 
refrigerant passage 6a toward the compressor 1 , and 25 
further the second refrigerant inlet port 1 7 is connected 
to a pipe constituting the refrigerant passage 5a from 
the compressor 1 and the second refrigerant outlet port 
19 is connected to a pipe constituting the refrigerant 
passage 5b toward the condenser 2. Thus, the accumu- 30 
lator 12 is built in the refrigerant cycle. 

In the refrigerant cycle system as constructed 
above, during the operation, a low temperature refriger- 
ant from the evaporator 3 is passed through the liquid 
accumulating container 13 of the accumulator 12 and 35 
then returned to the compressor 1 . On the other hand, a 
high temperature refrigerant from the compressor 1 is 
passed through the heat exchanging pipe 20 provided 
in the liquid accumulating container 13 of the accumula- 
tor 1 2 and then introduced to the condenser 2. Thus, the 40 
low temperature refrigerant accumulated in the con- 
tainer 13 is heated by the high temperature refrigerant 
in the heat exchanging pipe 20. Therefore, the refriger- 
ant returning to the compressor 1 is superheated and 
completely gasified. The high temperature refrigerant in 45 
the heat exchanging pipe 20 is cooled by the low tem- 
perature refrigerant in the accumulating container 13. 
Therefore, the refrigerant sent to the expansion valve 4 
is supercooled and completely liquefied. By the heat 
exchange mentioned above, the gaseous refrigerant so 
returning to the compressor 1 can fc>e superheated and 
the liquified refrigerant sent to the expansion valve 4 
can be supercooled, in such a manner that the refriger- 
ant effect is increased and the performance as the 
refrigerant cycle is improved. ss 

Notably, each refrigerant is superheated or super- 
cooled by exchanging heat between the low tempera- 
ture refrigerant and the high temperature refrigerant 
which are greatly different in temperature. Therefore, 



each refrigerant can be effectively superheated or 
supercooled as compared to the conventional refriger- 
ant cycle in which each refrigerant is superheated or 
supercooled by air at room temperature, thus the per- 
formance of the refrigerant cycle can be greatly 
improved. 

Further, the superheat portion in the evaporator 3 
can be decreased or omitted because the refrigerant 
returning to the compressor 1 is supertieated by 
exchanging heat in the heat exchanging portion 11. 
Therefore, the evaporator 3 can be compact and supe- 
rior in heat exchange performance, and the pressure 
loss of the refrigerant passing through the evaporator 3 
can be decreased. 

Furthermore, the refrigerant sent to the expansion 
valve 4 can be largely supercooled because the refrig- 
erant is supercooled by exchanging heat in the heat 
exchanging portion 1 1 . Therefore, the dry degree of the 
liquefied refrigerant passed through the expansion 
valve 4 can be effectively lowered. Further, the pressure 
loss of the refrigerant passing through the evaporator 3 
can be effectively decreased and the heat exchanging 
performance of the evaporator 3 can also be effectively 
improved. 

Because the accumulator 12 is modified to include 
the heat exchanging portion 1 1 as mentioned above, a 
large refrigerating ability of the accumulator 12. not pre- 
viously contempliated. can be effectively provided to 
supercool the refrigerant flowing toward the expansion 
valve 4. and thus energy can be effectively utilized. Fur- 
ther, the original gas-liquid separating function of the 
accumulator 12 can be improved and thus the liquid 
refrigerant is effectively prevented from returning to the 
compressor 1. 

Second embodiment: 

FIG. 3 illustrates a second embodiment of the 
refrigerant cycle system according to the present inven- 
tion. The heat exchanging portion 1 1 exchanges heat 
between the refrigerant passing through the refrigerant 
passage 7 (7a and 7b) connecting the condenser 2 to 
the expansion valve 4 and the refrigerant passing 
through the refrigerant passage 6 (6a and 6b) connect- 
ing the evaporator 3 to the compressor 1 . In order to 
exchange heat as mentioned above, in the accumulator 
12 which has the same structure of the accumulator of 
the first embodiment and has the second refrigerant 
inlet port 17 connected to the pipe constituting the 
refrigerant passage 7a from the condenser 2 and has 
the second refrigerant outlet port 19 connected to the 
pipe constituting the refrigerant passage 7b toward the 
expansion valve 4. Thus, the accumulator 12 is built in 
the refrigerant cycle. 

In this second embodiment of the refrigeration cycle 
system, similar functions and results as in the first 
embodiment can be achieved. Further, notably, the 
supercooling portion in the condenser 2 can be 
decreased or omitted. Therefore, the condenser 2 can 
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be compact and superior in heat exchange perform- 
ance. In particular, according to this embodiment, even 
if the supercooling portion of the condenser 2 which 
passes through the liquefied refrigerant is decreased or 
omitted, the refrigerant from the condenser 2 rs super- 
cooled by passing through the heat exchanging portion 
.11. Thus, the supercooling portion In the condenser 2 
can be decreased or omitted. Therefore, the condenser 
2 can be effectively compact and superior in its heat 
exchange performance. 

Furthermore, especially in comparison with the first 
embodiment, the refrigerant condensing ability of the 
condenser 2 can be improved. In particular, in the first 
embodiment, the condensing ability of the condenser 2 
somewhat deteriorates because the refrigerant cooled 
in the heat exchanging portion 1 1 is subjected to be 
condensed in the condenser 2. On the contrary, in the 
second embodiment, the condenser 2 can maintain 
high condensing ability thereof because the high tem- 
perature refrigerant from the compressor 1 is directly 
fed into the condenser 2 and condensed therein. 

Third embodiment: 

FIG. 4 illustrates a third embodiment of the refriger- 
ant cycle system. In the third emlxxdiment. similar to the 
second embodiment, the heat exchanging portion 1 1 
exchanges heat between the refrigerant passing 
through the refrigerant passage 7 (7a, 7b and 7C) con- 
necting the condenser 2 to the expansion valve 4 and 
the refrigerant passing through the refrigerant passage 
6 (6a and 6b) connecting the evaporator 3 to the com- 
pressor 1. and the accumulator 12 Is used as a heat 
exchanging portion 11. Further, a liquid-receiver 32 is 
interposed in the refrigerant passage 7 (7c and 7a) con- 
necting the condenser 2 to the expansion valve 4 so that 
the refrigerant from the condenser 2 exchanges heat in 
the heat exchanging portion 11 of the accumulator 12 
after passing through the liquid-receiver 32 and then is 
send to the expansion valve 4. 

In the third embodiment, alter the gaseous ingredi- 
ent is removed from the refrigerant In the liquid-receiver 
32, only the liquefied refrigerant is send to the accumu- 
lator 12 and then exchanges heat to be supercooled. 
The refrigerant flowing to the expansion valve 4 can be 
effectively supercooled in comparison with the case in 
which the liquefied refrigerant containing gaseous 
refrigerant exchanges heat in the heat exchanging por- 
tion 1 1 . 



Fourth embodiment: 

FIG. 5 illustrates a fourth embodiment of the refrig- 
erant cycle system. In the fourth embodiment an accu- 
mulator and a liquid-receiver are Integrated to form a 
heat exchanging portion 1 1. In detail, as shown in FIG. 
6, the heat exchanging portion 1 1 Includes a container 
39 which is divided by a dividing wall 36 into an accumu- 
lator cell 12 and a liquid-receiving cell 32. The dividing 



wall 36 is equipped with fins 37 for promoting heat 
exchange between the accumulator cell 12 and the liq- 
uid-receiving cell 32. 

The refrigerant passages 7a and 7b connecting the 
5 condenser 2 to the expansion valve 4 are connected to 
the liquid-receiving cell 32. The refrigerant passages 6a 
and 6b connecting the evaporator 3 to the compressor 1 
are connected to the accumulator cell 12. In the fourth 
embodiment, a large quantity of a high temperature 
10 refrigerant and a low temperature refrigerant can very 
effectively exchange heat in the heat exchanging por- 
tion 11. 

Fifth embodiment: 

75 

FIG. 7 illustrates a filth embodiment of the refriger- 
ant cycle system according to the present invention. 
This system is similar to the first embodiment but differ- 
ent from the first embodiment in that the heat exchang- 
ee ing portion 1 1 is not composed of an accumulator but of 
a heat exchange piping system in which heat exchang- 
ing is performed between heat exchange piping por- 
tions 27 and 29. As is apparent from the above, the heat 
exchanging portion 11 is not necessarily composed 
25 from an accumulator, this same concept can be applied 
to the second embodiment. 

Sixth embodiment: 



30 FIG. 8A illustrates a sixth embodiment of the refrig- 
erant cycle system according to the present invention. 
In this system, the refrigerant passage 5 connecting the 
compressor 1 to the condenser 2 and the refrigerant 
passage 7 connecting the condenser 2 to the expansion 
35 valve 4 are bypassed by the bypass refrigerant pas- 
sages 30, 30. The numeral 1 1 denotes a heat exchang- 
ing portion. The heat exchanging portion 1 1 exchanges 
heat between the refrigerant passing through the 
bypass refrigerant passage 30 and the refrigerant pass- 
40 ing through the inner passage of the outlet side of the 
evaporator 3. 

This heat exchanging portion 1 1 is, for example, 
constructed as follows. As shown in FIG. 8B, the heat 
exchanging portion 1 1 includes a final refrigerant pas- 
45 sage 3b of the evaporator 3 connected to the outlet 3a, 
and an independent heat exchanging passage 31 adja- 
cent to the final refrigerant passage 3b. In this heat 
exchanging portion 11. the heat exchanging passage 
31 is interposed in fluid communication in the above 
so mentioned bypass refrigerant passage 30. A liquid- 
receiver 32 is interposed in the refrigerant passage 7 
between a position down stream of the juncture of the 
bypass refrigerant passage 30 and the refrigerant pas- 
sage 7 and a position up stream from the expansion 
55 valve 4. 

In this refrigerant cycle system, the high tempera- 
ture refrigerant advancing toward the condenser 2 is 
divided into two refrigerant flow paths, a refrigerant flow 
path into the condenser 2 and a refrigerant flow path 
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into the bypass passage 30. The high temperature 
refrigerant introduced into the bypass passage 30 at the 
heat exchanging portion 11. exchanges heat with the 
low temperature refrigerant passing through the final 
refrigerant passage 3b of the evaporator 3. By this heat 5 
exchange, the low temperature refrigerant passing 
through the final refrigerant passage 3b of the evapora- 
tor 3 is heated and the refrigerant Is progressively 
superheated. Further, by the above mentioned heat 
exchange, the high temperature refrigerant passing 10 
through the bypass passage 30 is cooled. After passing 
through the bypass passage 30, the refrigerant is 
merged with the refrigerant passed through the con- 
denser 2. thereby enhancing the supercooling degree of 
the liquid refrigerant sent to the expansion valve 4. 75 
Notably, alter the merging, by passing through the liq- 
uid-receiver 32, the refrigerant passed through the 
bypass passage 30 and the refrigerant passed through 
the condenser 2 are mixed. Thus, the supercooling 
degree of the liquid refrigerant flowing toward the 20 
expansion valve 4 is effectively enhanced. 

Further, the low temperature refrigerant passing 
through the final refrigerant passage 3b of the evapora- 
tor 3 is compulsively heated by the high temperature 
refrigerant as mentioned above. Thus, a sufficient 25 
superheat degree can be achieved and the superheat- 
ing portion of the evaporator 3 can be effectively 
decreased. Therefore, the evaporator 3 can be small in 
size and can be enhanced in its heat exchanging per- 
formance. Further, the pressure loss of the refrigerant In 30 
the evaporator 3 can be decreased. Furthermore, the 
pressure loss of the refrigerant passing through the cir- 
cuit can be decreased because an accumulator can be 
omitted. 

35 

Seventh embodiment: 

FIG. 9 illustrates a seventh embodiment of the 
refrigerant cyde system according to the present Inven- 
tion. In the seventh emtxxliment, a heat exchanging 40 
portion 1 1 Is equipped at the condenser 2. In detail, as 
shown in FIGS. 10A and 10B, this condenser 2 is so- 
called multi-flow or parallel-flow type heat exchanger 
having a plurality of tubes 41 whose ends are con- 
nected in fluid communication to a cylindrical hollow 45 
header 42. The numeral 43 denotes a fin. In this multi- 
flow type heat exchanger 2, the inside of the vertically 
disposed header 42 is divided by a dividing wall 44 hav- 
ing a high thermal conductivity into two chambers 45. 
46. The chamber 45 is connected to the tubes 41 . and so 
the chamber 46 is not connected to the tubes 41. The 
chamber 45 connected to the tubes 41 , as an essential 
part of the condenser, is connected to the refrigerant 
passages 7 toward the expansion valve 4. On the other 
hand, the chamber 46 not connected to the tubes 41 . ss 
which functions as a part of an accumulator, is con- 
nected to the refrigerant passages 6a, 6b connecting 
the evaporator 3 to the compressor 1 . 

In this seventh embodiment, the high temperature 



refrigerant condensed in the tubes 41 is introduced into 
the chamber 45 of the header 42 connected to the tubes 
41 and the low temperature refrigerant evaporated in 
the evaporator 3 is introduced into the chamber 46 of 
the header 42 not connected to the tubes 41. Both the 
refrigerants exchange heat through the dividing wall 44 
such that the refrigerant toward the compressor 1 is 
superheated and the refrigerant toward the expansion 
valve 4 Is supercooled. 

In the seventh embodiment, an liquid-receiver may 
be interposed in a refrigerant passage 7 connecting the 
condenser 2 to the expansion valve 4. 

Eighth embodiment: 

FIG. 11 illustrates an eighth embodiment of the 
refrigerant cycle system according to the present inven- 
tion. This refrigerant cycle system is especially useful 
for an automobile air conditioning system. In this refrig- 
erant cycle system, a bypass passage 22 (22a and 22b) 
is equipped within the refrigerant passage 5 connecting 
the compressor 1 to the condenser 2. A heat exchang- 
ing portion 11 is provided so as to exchange heat 
between the refrigerant passing through the bypass 
passage 22 and the refrigerant passing through the 
refrigerant passage 6 connecting the evaporator 3 to the 
compressor 1 . In order to establish the heat exchanging 
lx>rtion 11. an accumulator 12 having the same struc- 
ture of the accumulator in the first embodiment is used. 
In this accumulator 12. the second refrigerant inlet port 
1 7 is connected to the pipe constituting the bypass pas- 
sage 22a from the compressor 1 and the second refrig- 
erant outlet port 19 is connected to the pipe constituting 
the bypass passage 22b toward condenser 2. Further, 
the refrigerant inlet end portion of the bypass passage 
22 is connected to the refrigerant passage 5 connecting 
the compressor 1 to the condenser 2 by way of a distrib- 
utor 23. The distributor 23 changes the refrigerant flow 
such that the refrigerant from the compressor 1 is sent 
to the condenser 2 through the bypass passage 22 or 
the refrigerant from the compressor 1 is sent to the con- 
denser 2. not through the bypass passage 22, but 
through the original refrigerant passage 5. A thermal 
sensor 24 is attached to a refrigerant outlet portion of 
the condenser 2 or nearby the outlet portion so as to 
detect the temperature of the refrigerant from the con- 
denser 2. Alternatively, the thermal sensor 24 may be 
attached at the evaporator 3 side. The numeral 25 
denotes a controller. «The controller 25 is designed to 
output control signals to the distributor 23 for sending 
the refrigerant from the compressor 1 to the condenser 
2 through the bypass refrigerant passage 22 based on 
the detected signals which are output from the thermal 
sensor 24 when the sensor 24 detects an overloaded 
temperature, i.e., a temperature higher than usual of the 
refrigerant from the condenser 2. The controller 25 may 
be composed of. for example, a micro computer. 

In the eight embodiment of the refrigerant cycle 
system, when it is used in an automobile air conditioh- 
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ing system, superior results can be obtained. 

In detail, in an automobile, the operating states 
thereof varies from an idling state to a low speed run- 
ning state, or from the low speed running state to a high 
speed running state, or the like. Thus, in the condenser 
2, the amount of the air flow which is heat exchanged 
with the refrigerant passing through the condenser 2 is 
changed depending on the operating state of the auto- 
mobile. For example, when the automobile is in the 
idling state, the amount of the air flow passing through 
the condenser 2 is small. On the contrary, when the 
automobile is running at a high speed, the amount of 
the air flow passing through the condenser 2 is large. 
Therefore, when the automobile is running at a high 
speed, the condenser 2 actively exchanges heat, how- 
ever, when the automobile is in the idling state, the per- 
formance of heat exchange with air in the condenser 2 
deteriorates and thus the condenser 2 is overloaded. 
Under these circumstances, refrigerant cooling func- 
tions of the condenser 2 deteriorates and the supercool- 
ing degree of the liquid refrigerant flowing toward the 
expansion valve 4 becomes low. When the load of the 
condenser 2 becomes heavy, the heat exchanging per- 
formance of the evaporator 3 deteriorates. Thus, the 
ratio of the superheating degree of the gaseous refriger- 
ant flowing to the compressor 1 becomes larger and the 
performance as a whole system deteriorates. As a 
result, the temperature in the car varies depending on 
the operating states of the car. Therefore, it is hard to 
realize a comfortable air conditioning environment. 

In the eighth embodiment, when the condenser 2 is 
heavily loaded during an idling state, or the like, the sit- 
uation is detected by the thermal sensor 24. The distrib- 
utor 23 functions so as to send the refrigerant from the 
compressor 1 to the condenser 2 through the bypass 
passage 22 based on the control signals from the con- 
troller 25. The refrigerant flowing from the compressor 1 
toward the condenser 2 exchanges heat with the refrig- 
erant flowing from the evaporator 3 toward the compres- 
sor 1 by the accumulator 12. The low temperature 
gaseous refrigerant returning to the conpressor 1 is 
heated by the high temperature gaseous refrigerant 
flowing toward the condenser 2 and is further super- 
heated. The high temperature gaseous refrigerant flow- 
ing toward the condenser 2 is cooled by the low 
temperature gaseous refrigerant returning to the com- 
pressor 1 , thus the liquid refrigerant sent to the expan- 
sion valve 4 is also further supercooled. Therefore, even 
if the load to the condenser 2 becomes large during an 
idling state or the like, a deterioration of the perform- 
ance of the refrigerant cycle Is restrained or prevented 
occun-ing. Thus, the temperature in the car become sta- 
ble in spite of changes in the car operation state. Thus, 
a comfortable air conditioned environment Is realized. 

Ninth embodiment: 

FIG. 12 illustrates a ninth embodiment of the refrig- 
erant cycle system according to the present invention. 
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In this refrigerant cycle system, a bypass passage 26 
(26a and 26b) is equipped within the refrigerant pas- 
sage 7 connecting the condenser 2 to the expansion 
valve 4. A heat exchanging portion 1 1 Is provided so as 
5 to exchange heat between the refrigerant passing 
through the bypass passage 26 and the refrigerant 
passing through the refrigerant passage 6 connecting 
the evaporator 3 to the compressor 1 . In order to estab- 
lish the heat exchanging portion 11. an accumulator 12 
10 having the same structure of the accumulator in the first 
embodiment Is used. In the accumulator 12. the second 
refrigerant inlet port 17 is connected to the pipe consti- 
tuting the bypass passage 26a from the condenser 2 
and the second refrigerant outlet port 1 9 is connected to 
15 the pipe constituting the bypass passage 26b toward 
the expansion valve 4. Further, a distributor 23, a ther- 
mal sensor 24 and a controller 25 are provided in the 
same manner as per the third embodiment. In this ninth 
embodiment, effects which are the same as or superior 
20 to that of the eighth embodiment can be achieved. 

Tenth embodiment: 

FIG. 13A illustrates a tenth embodiment of the 
25 refrigerant cycle system according to the present inven- 
tion. This refrigerant cycle system shown in FIG. 13A Is 
similar to the sixth embodiment, but is different in that 
the bypass passage 30 Is opened or closed by the valve 
device 34 shown in FIG. 13B. A thermal sensor 24 is 
30 attached to a refrigerant outlet portion of the evaporator 
3 so as to detect the temperature of the refrigerant 
passing through the evaporator 3. Alternatively, the ther- 
mal sensor 24 may be attached to the condenser 2 side. 
The numeral 25 denotes a controller. The controller 25 
35 is designed to output control signals to the valve device 
34 for opening the bypass refrigerant passage 30. 
which Is usually closed, based on detected signals 
which are output from the thermal sensor 24 when the 
sensor 24 detects an overloaded temperature, i.e., a 
40 temperature lower than usual, of the refrigerant of the 
evaporator 3. In the tenth embodiment of the refrigerant 
cycle system, when it Is used In an automobile air con- 
ditioning system, superior results can be obtained as In 
the eight and ninth embodiments. 
45 In detail. In an automobile, when the load to the 
condenser 2 becomes large during an idling state, or 
the like, the evaporator 3 becomes overloaded. Such a 
situation Is detected by the thermal sensor 24 equipped 
at the evaporator 3 side, and then the bypass passage 
so 30 Is opened by the valve device 34 in accordance with 
the control signals from the controller 25. Therefore, a 
deterioration in the superheating of the gaseous refrig- 
erant Is restrained or prevented from occurring and a 
deterioration in the supercooling of the liquid refrigerant 
55 flowing toward the expansion valve 4 is restrained or 
prevented from occurring, thus a deterioration in the 
performance of the refrigerant cycle is restrained or pre- 
vented. Therefore, even If the load to the condenser 2 
becomes large during an Idling state, or the like, and 
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thus the evaporator 3 becomes overloaded, a deteriora- 
tion in the performance of the refrigerant cycle is 
restrained or prevented. Thus, the temperature in the 
car becomes stable in spite of changes in the car's oper- 
ation and a comfortable air conditioned environment 
can be realized. 

As mentioned above, the refrigerant cycle system 
according to the present invention can include a heat 
exdianging portion for exchanging heat between at 
least a part of the refrigerant passing through a refriger- 
ant passage from the compressor to a depressurizing 
means by way of the condenser and at least a part of 
refrigerant passing through a refrigerant passage from 
the depressurizing means to the compressor by way of 
the evaporator. Therefore, the superheating degree and 
supercooling degree can be efficiently enhanced and. 
thus, the performance of the refrigerant cycle can be 
improved. Further, the evaporator and the condenser 
can be conr^act and superior in heat exchange perform- 
ance, and the pressure loss of the refrigerant passing 
through the evaporator can be decreased. 

Although the invention has been described in con- 
nection with specific embodiments, the invention is not 
limited to such embodiments and as would be apparent 
to those skilled in the art. various substitutions and 
modifications within the scope and spirit of the invention 
are contemplated. 

Claims 

1 . A refrigerant cycle system, comprising: 

a refrigerant circulation circuit including a com- 
pressor, a condenser, depressurizing means 
and an evaporator; and 
a heat exchanging portion; 

wherein said heat exchanging portion 
exchanges heat between at least a portion of refrig- 
erant flowing from the compressor to the depressu- 
rizing means and at least a portion of refrigerant 
flowing from the depressurizing means to the com- 
pressor. 

2. The refrigerant cycle system as recited in claim 1, 
wherein said heat exchanging portion exchanges 
heat between a refrigerant flowing from the com- 
pressor to the condenser and a refrigerant flowing 
from the evaporator to the compressor. 

3. The refrigerant cycle system as recited in daim 1. 
wherein said heat exchanging portion exchanges 
heat between a refrigerant flowing from the con- 
denser to the depressurizing means and a refriger- 
ant flowing from the evaporator to the compressor. 

4. The refrigerant cycle system as recited in claim 3, 
further including a liquid -receiver interposed within 
a refrigerant passage connecting the condenser to 



said heat exchanging portion. 

5. The refrigerant cycle system as recited in claim 3, 
wherein said heat exchanging portion Includes a 

5 container internally divided by a dividing wall into an 

accumulator cell and a liquid-receiving cell, the 
accumulator cell being interposed within a refriger- 
ant passage connecting the condenser to the 
depressurizing means, the liquid-receiving cell 

10 being interposed within a refrigerant passage con- 
necting the evaporator to the compressor, wherein 
the dividing wall is equipped with fins for promoting 
head exchange between refrigerant in the accumu- 
lator cell and refrigerant in the liquid-receiving cell. 

15 

6. The refrigerant cycle system as recited in claim 2, 
wherein said heat exchanging portion includes a 
pair of heat exchange pipings, one within a refriger- 
ant passage connecting the evaporator to the com- 

20 pressor, the other within a refrigerant passage 
connecting the compressor to the condenser. 

7. The refrigerant cycle system as recited in claim 1 , 
further including a bypass refrigerant passage, the 

25 bypass refrigerant passage bypassing a refrigerant 
from the compressor to the outlet side of the con- 
denser. 

wherein said heat exchanging portion 
exchanges heat between a refrigerant passing 
30 through the bypass refrigerant passage and a 
refrigerant passing through an outermost inner pas- 
sage of the evaporator. 

8. The refrigerant cycle system as recited in claim 7, 
35 wherein said heat exchanging portion includes a 

final refrigerant passage of the evaporator, the final 
refrigerant passage being connected to an outlet of 
the evaporator, and an independent heat exchang- 
ing passage being adjacent to the final refrigerant 
40 passage, the independent heat exchanging pas- 
sage being interposed within the bypass refrigerant 
passage. 

9. The refrigerant cycle system as recited in claim 8, 
45 further including a liquid receiver, the receiver being 

interposed within a refrigerartt passage between a 
position down stream from a juncture of the bypass 
refrigerant passage and a refrigerant passage con- 
necting the condenser to the depressurizing means 
so and a position up streams from the depressurizing 
means. 

10. The refrigerant cycle system as recited in claim 1 . 

wherein the condenser includes a plurality of 
55 tubes whose erxis are connected in fluid communi- 
. cation to a hollow header, the inside of the header 
being divided by a dividing wall having a high ther- 
mal conductivity into two chambers, one of the 
chambers being connected to the tubes and the 
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other being not connected to the tubes. 

and wherein the chamber connected to the 
tubes is connected to a refrigerant passage to the 
depressurizing means, the chamber not connected 
to the tube is interposed within a refrigerant pas- 5 
sage connecting the evaporator to the compressor. 

11. The refrigerant cycle system as recited in claim 2. 
further including a bypass passage interposed 
within a refrigerant passage connecting the com- 10 
pressor to the condenser. 

wherein said heat exchanging portion 
exchanges heat between a refrigerant passing 
through the bypass passage and a refrigerant pass- 
ing through a refrigerant passage connecting the 15 
evaporator to the compressor. 

12. The refrigerant cycle system as recited in claim 1. 
further including a bypass passage interposed 
within a refrigerant passage connecting the con- 20 
denser to the depressurizing means, 

wherein said heat exchanging portion 
exchanges heat between a refrigerant passing 
through the bypass passage and a refrigerant pass- 
ing through a refrigerant passage connecting the 25 
evaporator to the compressor. 



the first refrigerant outlet port being connected in 
fluid communication with one end of a pipe extends 
into the container with the other end of the pipe 
opened proximate the uppermost portion inside the 
container, the container being further provided with 
a second refrigerant inlet port connected to a refrig- 
erant passage from the compressor and a second 
refrigerant outlet port connected to a refrigerant 
passage to the condenser. 

and wherein both of the second outlet port 
and second inlet port are connected in fluid com- 
munication with a high heat conductance heat 
exchanging pipe so that heat exchange between a 
refrigerant in the heat exchanging pipe and a refrig- 
erant accumulated in the container is achieved. 



13. The refrigerant cycle system as recited in claim 1. 
further including a bypass refrigerant passage, a 
thermal sensor, a valve device and a controller, the 30 
bypass refrigerant passage bypassing refrigerant 
from the compressor to the outlet side of the con- 
denser, the thermal sensor being attached to a 
refrigerant outlet portion of the evaporator so as to 
detect a temperature of refrigerant passing through 35 
the evaporator, the valve device being interposed 
within a refrigerant passage between the compres- 
sor and the condenser, the controller being 
designed to output control signals to the valve 
device for opening the bypass refrigerant passage 40 
based on a detected signal which is output from the 
thermal sensor when the sensor detects an over- 
loaded temperature of refrigerant of the condenser. 

wherein said heat exchanging portion 
exchanges heat between refrigerant passing 4s 
through the bypass refrigerant passage and refrig- 
erant passing through an outermost inner passage 
of the evaporator. 



14. The refrigerant cycle system as recited in daim 1. so 
2. 3. 4. 1 1 or 12, wherein said heat exchanging por- 
tion includes an accumulator and a heat exchang- 
ing pipe provided in the accumulator. 

wherein the accumulator includes a liquid 
accumulating container, said container being, at the ss 
upper portion, provided with a first refrigerant inlet 
port connected to a refrigerant passage from the 
evaporator and a first refrigerant outlet port con- 
nected to a refrigerant passage to the compressor. 
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